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DESCRIPTION 



APPARATUS FOR TIGHTENING THREADED MEMBER 



5 Technical Field 

The present invention relates to an apparatus for tightening 
threaded members such as bolts or nuts for coupling components 
to workpieces. 

Background Art 

!0 Known bo It- tightening apparatus (so called "nut runner") . 

for tightening bolts include electricmotors and tighteningmembers 
for tightening bolts. The tightening members have receiving 
portions for receiving heads of the bolts. With the heads of the 
bolts received within the receiving portions, the electric motors 

15 are driven to rotate the tightening members, so as to tighten the 
bolts. 

One example of such apparatuses is shown in, for example, 
Japanese Patent Laid-Open Publication No. HE I 6-31644. 

The apparatus as disclosed in the publication includes an 
20 electric nut runner and a bolt-feeding device for feeding bolts 
to the nut runner. The nut runner is driven by an electric motor 
to tighten the bolt. 

Fig. 23 hereof shows an exemplary conventional method of 
screwing bolts 202 for attachment of an oil pan (sump) 201 to a 
25 crankcase 200 of an engine. 

With the crankcase 200 turned upside down, the oil pan 201 
is placed onto a bottom surface 203 of the crankcase 200 to bring 
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apertures 205, 205 formed through the oil pan 201 into alignment 
with screw-threaded apertures (not shown) formed on the crankcase 
200. 

In this state, an operator inserts distal ends 202b, 202b 
of the bolts 202 into the apertures 205, 205, holding heads 202a, 
202a of the bolts 202, 202 by hands 206, 206. 

Then, the operator manually turns the bolts 202, 202 to screw 
the ends 202b, 202b into the screw-threaded apertures of the 
crankcase 11 by a distance of one to three times the pitch of the 
bolt 202. The operation of screwing the distal end 202b of the 
bolt 202 into the screw-threaded aperture by the distance of the 
one to three times the pitch will be termed -temporary tightening 
operation" . 

Likewise, the remaining bolts 202 undergo the temporary 
> tightening operations to screw their distal ends into the 
corresponding apertures of the crankcase. 

After subjected to the temporary tightening operation, the 
respective bolts are screwed into the screw-threaded aperture 
through the use of such motive tool as a nut runner or the like 
0 until these bolts are tightened throughout the lengths thereof 
within the apertures of the crankcase. 

The operation for screwing the bolt into the screw- threaded 
aperture by a distance equal to the overall length of the bolt 
to tighten the bolt within the screw-threaded aperture will be 
25 termed "final tightening operation". 

For the aforementioned method, however, the operator 
manually performs the temporary tightening operation with 
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tiresomenessandtroublesomeness. Moreover, the final tightening 
operation subsequent to such problematic temporary tightening 
operation requires certain time and burden . The method involving 
these two operations are less suitable for improving productivity 
5 of the engine. 

Disclosure of the Invention 
An ob j ect of the present invention is to provide an apparatus 
for tightening threaded members by performing the reduced number 
of steps to effect, particularly, the temporary tightening 
10 operation. In handling the apparatus, particularly, to perform 
the temporary tightening operation, an operator can bear a reduced 
burden. 

According to a first aspect of the present invention, there 
is provided an apparatus for tightening a threaded member, 
15 comprising: a screwing mechanism including a rotational shaft and 
a threaded engagement member thr eadedly engaging an outer per iphery 
of the rotational shaft; an axial movement means provided to one 
of the rotational shaft and the threaded engagement member for 
axially moving to rotate the rotational shaft; a shaft member 
20 provided to the rotational shaft and capable of rotating in unison 
with the rotational shaft; a socket portion provided to one end 
of the shaft member for receiving therein the threaded member in 
such a manner as to transmit the rotation of the shaft member to 
the threaded member; and a retention means for retaining the 
25 threaded member received in the socket portion or the threaded 
member released from the socket portion. 

The axial movement means moves axially to rotate the threaded 
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member. By thus undergoing the rotational movement, the threaded 
member can be subjected to tightening operation. Thus, the 
tightening operation, particularly, temporary tightening opera- 
tion on the threaded member can be mechanically effected. In 
addition to the temporary tightening operation, the apparatus can 
be used to perform final tightening operation. 

The use of this apparatus is advantageous because the 
tightening operation on the threaded member can be accomplished 
through a reduced number of steps, imposing little burden upon 
an operator. 

Preferably, the shaft member is hollowed to define a space, 
and the retention means comprises a rod axially movably disposed 
within the space of the shaft member and having a lower end positioned 
in the vicinity of the socket portion, a magnet provided to the 
lower end of the rod for magnetically holding a head of the threaded 
member to retain the threadedmember received in the socket portion, 
and a moving means for moving the rod in such a manner as to move 
the magnet away from the socket portion to retain the threaded 
member released from the socket portion. 

The shaft member has the axially movable rod accommodated 
therewithin. The rod includes at its lower end the magnet for 
magnetically holding the threaded member. Because the magnet 
magnetically holds the threaded member, the threaded member can 
be held received within the socket portion. 

The moving means moves the rod away from the socket portion 
to thereby bring the magnet into spaced relation to the socket 
portion. With the magnet thus spaced from the threaded member, 
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the threaded member can remain tightened without undergoing 
attracting force of the magnet. 

Preferably, the shaft member is pivotally connected to the 
rotational shaft. 

Generally speaking, threaded apertures of workpieces have 
their dimensions including tolerances . Some threaded member can 
be less precisely set in the threaded apertures due to such 
tolerances . To address this problem, the shaft member is pivotable 
on the rotational shaft. 

The shaft member can be pivoted to such a position as to 
smoothly bring the threaded member received within the socket 
portion into threaded engagement with the threaded aperture. 

Preferably, the axial movement means is an automatic robot 
arm axially movable to rotate the rotational shaft. 

The automatic robot arm can be programmed to move axially 
by a distance set taking into account an extent to which the threaded 
member is tightened. 

According to a second aspect of the present invention, there 
is provided an apparatus for tightening a threaded member to a 
workpiece, the apparatus shuttling between the workpiece and a 
supplying section at which the apparatus is supplied with the 
threaded member, the apparatus comprising: an automatic robot arm; 
a screwing mechanism provided to the automatic robot arm and 
including a rotational part and a threaded engagement member 
i threadedly engaging the rotational part; an axial movement means 
for axially moving to move the threaded engagement member axially 
of the rotational part to rotate the rotational part; a shaft member 
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axially movably provided to the rotational part via a slide part 
slidable relative to the rotational part, the shaft member capable 
of rotating in unison with the rotational part; an urging means 
for urging the shaft member in a direction away from the rotational 
5 part; a socket portion provided to one end of the shaft member 
for receiving therein the threaded member in such a manner as to 
transmit the rotation of the shaft member to the threaded member ; 
and a retention means for retaining the threaded member received 
in the socket portion or retaining the threaded member released 
10 from the socket portion. 

Receiving therein the threaded member, the socket portion 
is moved to set the threaded member in position into or onto a 
companion threaded part of a workpiece. The automatic robot arm 
is then operated to push the screwing mechanism towards the 
15 workpiece. This causes the urging means to force the slide part 
and the shaft member towards the workpiece. Consequently, the 
threaded member is pressed into or onto the companion threaded 
part of the workpiece. 

The means then moves axial ly to move the threaded engagement 
20 member of the screwing mechanism. The movement of the member 
rotates the rotational part . The rotation of the rotational part 
is transmitted to the slide part, the shaft member and the socket 
portion. The rotating force with which the socket portion is 
rotated is applied to the threaded member. 
25 By undergoing concurrently both the rotating force and the 

pressing force, the threaded member is screwed into or onto the 
companion threaded member. 
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Pref erably, the axial movement means moves axially to rotate 
the rotational part in either one direction to tighten the threaded 
member to the workpiece or the opposite direction to loosen the 
threaded member out of the workpiece. 
5 The rotational part can be rotated in either of two directions . 

When rotating in the one direction, the threaded member is tightened. 
When rotating in the other/ the threaded member is loosened. The 
use of the apparatus is advantageous in that the threaded member 
does not seize up in or on the companion threaded member and hence 
10 the threaded member can be smoothly loosened out of the companion 
threaded member. 

Brief Description of Drawings 
Certain preferred embodiments of the present invention will 
hereinafter be described in detail, by way of example only, with 
15 reference to the accompanying drawings, in which: 

Fig. 1 is a perspective view of an apparatus for tightening 
a threaded member in accordance with a first embodiment of the 
present invention; 

Fig. 2 shows partly in vertical cross-section the apparatus 
20 of Fig. 1; 

Fig. 3 is a cross-sectional view taken along line 3-3 of 
Fig. 2; 

Fig. 4 shows partly in cross-section a retention means of 
the apparatus; 

25 Fig. 5 is a cross-sectional view taken along line 5-5 of 

Fig. 4; 

Fig. 6 shows the apparatus having a socket portion and a 
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magnet of the retention means positioned above a hexagon head bolt; 

Fig. 7A shows the magnet holding the bolt within the socket 
portion, Fig. 7B shows the socket portion lifted with the bolt 
held to the magnet and Fig. 7C shows the socket portion lowered 
5 with the bolt set in place in a threaded aperture of a crankcase; 

Fig. 8 shows the socket portion turned to screw the bolt 
into the aperture by a distance of single to triple pitches of 
the bolt; 

Fig. 9 is the view of Fig. 8 with the magnet raised to release 
10 the bolt; 

Fig. 10 shows the socket portion lifted leaving the bolt 
screwed into the aperture; 

Fig. 11 shows the apparatus ready to perform again a series 
of operations shown in Fig. 6 to Fig. 10; 
15 F ig. i2A shows the apparatus having a shaft member and a 

hexagon head bolt both of which are inclined and displaced out 
of vertical alignment with the aperture and Fig. 12B is an enlarged 
view of Fig. 12A showing the inclined, displaced bolt and the 
aperture; 

20 Fig. 13A shows the shaft member turned with the bolt held 

to the magnet and Fig. 13B shows the bolt vertically aligned with 
the aperture and screwed into the aperture by a distance of one 
to triple pitches; 

Fig. 14 shows the magnet raised to leave the bolt screwed 
25 into the aperture; 

Fig. 15 shows an apparatus for tightening a threaded member 
in accordance with a second embodiment of the present invention; 
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Fig. 16 is a cross-sectional view taken along line 16-16 
of Fig. 15; 

Fig. 17 is a cross-sectional view taken along line 17-17 
of Fig. 15; 

5 Fig. 18 shows the apparatus having the magnet and the socket 

portion receiving a hexagon head bolt held to the magnet; 

Fig . 19 shows the apparatus having the socket portion turned, 
with the bolt held to the magnet, to screw the bolt into the aperture 
by a distance of one to triple pitches; 
10 Fig. 20 shows the apparatus having a shaft member and the 

socket portion turned in an inclined position to screw a hexagon 
head bolt into the aperture by a distance of one to triple pitches; 

Fig. 21 shows the apparatus having the shaft member and the 
socket portion turned to screw a hexagon head bolt into the aperture 
15 by the overall length of the bolt; 

Fig. 22A shows the apparatus raised with the shaft member 
and the socket portion held in a stationary position and Fig. 22B 
shows the apparatus further raised to lift the shaft member and 
the socket portion off the bold screwed into the aperture; and 
20 Fig. 23 shows operator's hands each of which has an index 

finger and a thumb holding a bolt therebetween so as to tighten 
the bolt into a threaded aperture of a crankcase. 

Best Mode for Carrying Out the Invention 
Reference will now be made in detail to exemplary embodiments 
25 of the present invention which are illustrated in the accompanying 
drawings. The same reference numerals will be used throughout 
the drawings to refer to the same or like parts. 
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Ref erring to Fig. 1, there is shown an apparatus 10 for 
tightening a threaded member according to a first embodiment of 
the present invention. In the illustrated embodiment, the 
threaded member is a hexagon head bolt 13. The apparatus 10 
5 includes a screwing mechanism 18 having a rotational shaft 19, 
and an automatic robot arm 16 (axially moving means for moving 
axiallyto rotate the rotational shaft 19) . The screwingmechanism 
18 is mounted via a bracket 17 to a lower end 16a of the arm 16. 
The apparatus 10 further includes a shaft member 20 pivotably 
10 connected to a lower end of the rotational shaft 19 of the screwing 
mechanism 18. The robot arm 16 is arranged to move axially of 
the rotational shaft 19 so as to rotate the shaft 19. That is, 
the axial movement of the arm 16 is converted to rotation of the 
rotational shaft 19. The shaft member 20 has a socket portion 
15 21 provided at a distal end thereof. The socket portion 21 is 
designed or sized to receive a head 14 of the bolt 13 therein. 
As will be described later, when the rotational shaft 19 is rotated, 
the shaft member 20 can be rotated together with the head 14 of 
the bolt 13 received within the socket portion 21. That is, the 
20 rotation of the shaft member 20 can be transmitted to the bolt 
13 having its head 14 received in the socket portion 21. The 
apparatus 10 further includes a retention means 22 for retaining 
the head 14 received within the socket portion 21 or retaining 
the head 14 released from the socket portion 21, as will be discussed 
25 later. 

The automatic robot arm 16 is not only movable up and down, 
but it can also shuttle between a bolt-supplying section 15 and 
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a temporary tightening position where the bolt 13 can be set in 
position in a screw-threaded aperture 12 of a cranKcase 11 
(workpiece) in preparation for temporary tightening operation, 
as will be described later. When the bolt 13 is subjected to 
5 -temporary tightening operation", it means that the bolt 13 is 
turned or screwed into the aperture 12 by a distance of one to 
three times the pitch of the bolt, as described hereinbefore. 

The section 15 includes its upper surface 15a having plural 
bolt-receiving holes 15b formed therethrough . When inserted into 
10 the hole 15b, as shown in Fig. 1, the bolt 13 has its upper half 
projecting upwardly out of the upper surface 15a. 

The automatic robot arm 16 has its distal end 16a mounted 
to the bracket 17 of generally rectangular configuration. The 
bracket 17 includes its distal end 17a having a mounting aperture 
U 25 formed therethrough. The mounting aperture 25 has a threaded 
engagement member 26 fitted thereinto. The rotational shaft 19 
ia rotatably provided via balls 27 to the inside of the member 
26. The rotational shaft 19 includes its upper end 19a having 
a flange 28 mounted thereto by means of .bolt 29 . The thus arranged 
20 flange 28 retains the rotational shaft 19 extending through the 
threaded engagement member 26. The rotational shaft 19, theballs 
27 and the threaded engagement member 26 constitute the screwing 
mechanism 18 serving as a ball screw mechanism. 

The rotational shaft 19 has its body 30 having a helically 
26 extending guide groove 31 formed thereon. The guide groove 31 
is provided for guiding the balls 27 therealong. The body 30 has 
a first insertionportion 32 of generally rectangular cross-section 
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provided at a lower end thereof. The first insertion portion 32 
has a second insertion portion 33 of generally circular 
cross-section provided at a lower end thereof. 

Fitted round the first insertion portion 32 are upper and 
5 lower 0 rings 34, 34 vertically spaced from each other by a given 
interval. By means of such O rings 34, 34, the first insertion 
portion 32 is connected to the shaft member 20. 

More specifically, the shaft member 20 includes a connection 
portion 35. The connection portion 35 has its inner peripheral 
10 wall 35a defining a hole 36 vertically extending through the 
connection portion 35. The inner peripheral wall 35a also has 
upper and lower annular grooves 36a, 36a formed thereon in 
vertically spaced relation to each other. The annular grooves 
3 6a, 36a are provided for locking therein the upper and lower O 
15 rings 34, 34, respectively. Each annular groove 36a extends 
horizontally and communicates with the hole 36. The connection 
portion 35 is connected to the rotational shaft 19 and has its 
lower end mounted via bolts 38, 38 to a flange 37. The flange 
37 has a mounting aperture 39 formed to vertically extend 
20 therethrough. Mounted within the aperture 39 is a proximal end 
(an upper end) 41a of a shaft body 41 of the shaft member 20. 

The first insertion portion 32 remains out of contact with 
the inner peripheral wall 35a. Compressing the upper and lower 
O rings 34, 34 allows the connection portion 35 to be inclined 
25 relative to the first insertion portion 32. 

The inclining of the connection portion 35 relative to the 
first insertion portion 32 allows the shaft member 20 to pivot 
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in any desired direction on a center 40 of the first insertion 
portion 32. 

The shaft body 41 of the shaft member 20 is hollowed to define 
a vertically elongated space 47 (See Fig. 4) . The shaft body 41 
of the shaft member 20 has a socket portion 21 provided at a distal 
end 41b thereof. It is to be understood that the distal end 41b 
is a lower end of the shaft member 20 . The socket portion 21 will 
be discussed in detail with reference to Fig. 4. 

The connection portion 35 includes a step portion having 
a lower thrust bearing 43 positioned thereon. The threaded 
engagement member 26 has an upper thrust bearing 44 fitted 
therearound. The upper thrust bearing 44 abuts against a lower 
surface of the bracket 17. The upper and lower thrust bearings 
have a first compression spring 45 disposed therebetween, 
i Reference is made to Fig. 3. The first insertion portion 

32 of generally rectangular cross-section has its four chamfered 
corners 46. The upper and lower 0 rings 34, 34 (only the lower 
one of which is shown) are locked in the annular grooves 36a, 36a 
(only the lower one of which is shown) with their inner surfaces 
0 34a abutting on the four chamfered corners 4 6 of the first insertion 
portion 32. The upper and lower O rings 34, 34 are vertically 
spaced from each other by the given interval . The first insertion 
portion 32 is connected to the connection portion 35 through the 
O rings 34, 34. 

>5 With this arrangement, the first insertion portion 32 thus 

arranged is in no contact with the inner peripheral wall 35a. 

Compression of the upper and lower 0 rings 34, 34 permits 
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the connection portion 35 to be inclined relative to the first 
insertion portion 32. 

As shown in Fig. 4, the retention means 22 includes a rod 
50 axially movably disposed within the space 47 of the shaft body 

5 41. The rod 50 has its lower end 51 positioned in the vicinity 
of the socket portion 21. The lower end 51 of the rod 50 is of 
enlarged diameter. The enlarged diameter portion 51 has a 
projection protruding downwardly from the center of a lower end 
thereof. The projection 52 is fitted within an annular magnet 

10 53. The magnet 53 is provided to the lower end of the enlarged 

diameter portion 51. 

The rod 50 includes its upper endhaving an aperture 54 formed 
to extend laterally therethrough. The aperture 54 has a pin 55 
inserted therethrough. The shaft body 41 has aperture-defining 
15 lower ends 56a, 56a and aperture-defining upper ends 56b, 56b 
cooperating with each other to define vertically elongated 
apertures 56, 56 formed to laterally extend through the shaft body 
41 . Around the shaft body 41, there is provided a ring 58 having 
apertures 59, 59 formed to extend laterally therethrough. The 
20 pin 55 has its opposite ends 55a, 55a projecting out of the aperture 
54 through the apertures 56, 56 into the apertures 59, 59. The 
apertures 59, 59 communicate with an annular groove 60 (see Fig. 
5) formed to extend around on an outer peripheral surface of the 
ring 58. The groove 60 has an O ring 61 fitted therein. The O 
25 ring 61 has its inner periphery contacting opposite edges 55b, 
55b of the pin 55 . This arrangement prevents the pin 55 from coming 
out of the apertures 59, 59. 
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The ring 58 and the flange 37 have a second compression spring 
63 disposed therebetween. The ring 58 is depressed by the second 
compression spring 63 to bring the pin 55 into abutment on the 
lower ends 56a, 56a. This abutment of the pin 55 on the lower 
5 ends 56a, 56a enables the magnet 53 to be held in an attracting 
position PI where the head 14 of the hexagon head bolt 13 can be 
magnetically held to the magnet 53. 

The retention means 22 includes a mounting plate 67 mounted 
via a bolt 65 and a collar 66 to the bracket 17 of the robot arm 
10 16 . The plate 67 and the bracket 17 have a cylinder unit 70 mounted 
thereto. The cylinder unit 70 includes a cylinder 72 and a rod 
71 extending downwardly from a lower end of the cylinder 72 . The 
rod 71 has a threaded portion 73 positioned at a lower end thereof . 
The threaded portion 73 is shown as being screwed into an aperture 
15 formed in a right end 74a of a yoke 74. The threaded portion 73 
threadedly engages a lock nut 76. The lock nut 76 is tightened 
onto the yoke 74 to lock the yoke 74. The yoke 74 has a pair of 
claws 75, 75 sandwiching the shaft body 41 (see Fig. 1 and Fig. 
5) therebetween. As will be explained below, the cylinder unit 
20 70 acts as a moving means for moving the rod 71 to move the magnet 
53 away from the socket portion 21. 

The cylinder unit 70 is operable to retract the rod71, whereby 
the yoke 74 is raised to press the claws 75, 75 against a lower 
surface of the ring 58. With the claws 75, 75 pressed against 
25 the lower surface of the ring 58, the yoke 74 can be further raised 
to thereby lift the ring 58 upwardly against a force produced by 
the second compression spring 63, such that the pin 55 can be lifted 



PCT/JP2003/013472 

WO 2004/037480 

- 16- 

up along the apertures 56, 56 together with the ring 58. 

This upward movement of the pin 55 causes the rod 50 to move 
upwardly together with the magnet 53. As a result, the magnet 
53 reaches a releasing position P2 where the head 14 of the bolt 
5 13 is released from the magnet 53 (see Fig. 9 and Fig. 10). 

The socket portion 21 attached to the lower end 41b of the 
shaft body 41 is of generally annular configuration but has an 
inner periphery 23 of hexagonal configuration. 

When the head 14 of the hexagon head bolt 13 is received 
10 within the socket portion 21, the head 14 has its flange 14a abutted 
against a lower surface 24 of the socket portion 21. 

With the head 14 received within the socket portion 21, the 
magnet 53, when in the attracting position PI, attracts the bolt 
13 to thereby magnetically hold the head 14 thereto. The retention 
15 means 22 can thus retain the head 14 of the bolt 13 received within 
the socket portion 21. 

With the head 14 of the bolt 13 received within the socket 
portion 21 and held to the magnet 53, the shaft body 41 can be 
rotated to rotate the hexagon head bolt 13 as well as the socket 

20 portion 21. 

Turning now to Fig . 5 , the pin 55 extends through the aperture 
54 formed in the upper end of the rod 50 . The pin 55 has its opposite 
ends 55a, 55a projecting from within the aperture 54 through the 
elongated apertures 56, 56 into the apertures 59, 59. The 0 ring 
25 61 is fitted within the annular groove 60 communicating with the 
apertures 59, 59. 

The O ring 61 has its inner periphery held in contact with 
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the opposite edges 55b, 55b of the pin 55. This becomes possible 
to prevent the pin 55 from coming out of the apertures 59, 59. 

The yoke 74 is secured to the rod 71 of the cylinder unit 
70. The pair of claws 75, 75 of the yoke 74 sandwiches the shaft 
5 body 41. The yoke 74 faces the lower surface of the ring 58. In 
other words, the yoke 74 is positioned at a lower level than the 
ring 58. 

The yoke 74 can be moved up using the cylinder unit 70 to 
thereby lift upwardly the rod 50 as well as the ring 58. 
10 The one of the claws 75 is spaced from the shaft body 41 

by a distance SI. So is the other claw 75. The yoke 74 has a 
recess wall 78 positioned between the claws 75, 75. The recess 
wall 78 is spaced from the shaft body 41 by a distance S2. 

Spacing the claws 75, 75 and the recess wall 78 from the 
15 shaft body 41 makes it possible to prevent the shaft body 41 of 
the shaft member 20 from interfering with the claws 75, 75 and 
the recess wall 78 during the pivotal movement of the shaft member 
20 on the center 40. 

Now, discussion will be made as to how the temporary 
20 tightening operation is performed using the apparatus 10 in 
accordance with the first embodiment of the present invention. 

Referring to Fig. 6, a crankcase 11 turned upside down is 
placed onto rollers 79 for conveyance. An oil pan (sump) 80 is 
then placed over a bottom surface 11a of the crankcase 11. The 
25 crankcase 11 and the oil pan 8 0 carried on the rollers 79 are conveyed 
into positionbelow the temporary tightening position as explained 
in relation to Fig. 1. 
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The automatic robot arm 16 is operated to position the socket 
portion 21 above the hexagon head bolt 13 of the bolt-supplying 
section 15. Thereafter, the apparatus 10 is lowered as shown by 
an arrow <D. 

As shown in Fig. 7A, the head 14 of the bolt 13 is received 
within the socket portion 21. At this time, the head 14 is 
magnetically held to the magnet 53 because the magnet 53 is held 
in the attracting position PI. 

The apparatus 10 then moves upwardly to thereby move upwardly 
the shaft body 41 of the shaft member 20 as well as the socket 
portion 21 with the head 14 held to the magnet 53 within the socket 
portion 21, as shown by an arrow (D. 

Because the bolt 13 is magnetically held to the magnet 53, 
the bolt 13 is lifted up together with the head 14 received within 
the socket portion 21, as shown by the arrow ©. The bolt 13 is 
therefore pulled out of the bolt-supplying section 15. 

As shown in Fig. 7B, after the bolt 13 is pulled out of the 
section 15, the apparatus 10 horizontally leftward moves to 
horizontally move the socket portion 21 as well as the bolt 13, 
as shown by an arrow ®. 

As s'hown in Fig. 7C, by moving horizontally in the manner 
as stated with reference to Fig." 7B, the apparatus 10 reaches a 
position over the screw- threaded aperture 12 of the crankcase 11. 
The apparatus 10 is then lowered as shown by an arrow ©, thereby 
inserting a lower end 13a of the bolt 13 through a mounting aperture 
81 formed in the oil pan 8 0 into the screw- threaded aperture 12. 
The lower end 13a of the bolt 13 is thus set in place in the aperture 
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12 for subsequent temporary tightening operation. 

Turning to Fig. 8, the robot arm 16 moves down to lower the 
threaded engagement member 26 along the axis or length of the 
rotational shaft 19, as shown by an arrow © . The downward movement 
of the member 26 rotates the rotational shaft 19 clockwise to thereby 
rotate the shaft member 20 clockwise as shown by an arrow ©. 

This causes the hexagon head bolt 13 to rotate clockwise 
together with the socket portion 21 of the shaft member 20, as 
shown by the arrow ®. More specifically, the bolt 13 is rotated 
to thereby screw the lower end 13a into the aperture 12 by a distance 
of one to three times the pitch of the bolt. The temporary 
tightening operation on the bolt 13 is thus completed. 

Reference is made to Fig . 9 . After the temporary tightening 
operation is finished, the cylinder unit 70 is operated to retract 
, the rod 71 . The retraction of the rod 71 moves the yoke 74 upwardly, 
as shown by an arrow ®, to bring the pair of claws 75, 75 into 
abutment against the ring 58 . 

The cylinder unit 70 continues to be operated to move the 
yoke 74 further upwardly. This further upward movement of the 
0 yoke 74 lifts the rod 50 as well as the ring 58. This causes the 
magnet 53 to move upwardly to the releasing position P2 . 

Because the magnet 53 is in the releasing position P2, the 
magnet 53 is positioned away from the socket portion 21 to bring 
the head 14 out of influence of the attracting force of the magnet 
, 5 53 . This makes it possible to release the bolt 13 from the magnet 
53. 

Reference is made to Fig. 10. With the magnet 53 in the 
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releasing position P2, the automatic robot arm 16 is lifted up 
to thereby move the apparatus 10 upwardly. This causes the shaft 
member 20 to move upwardly as shown by an arrow. 

During the upward movement of the robot arm 16, the threaded 
engagement member 2 6 having gone down as described in relation 
to Fig. 8 is lifted up along the axis or length of the rotational 
shaft 19 to thereby rotate the rotational shaft 19 and the shaft 
member 20 counterclockwise as shown by an arrow (8). 

As discussed above, the magnet 53 is movedup to the releasing 
position P2 to thereby release the head 14 of the bolt 13 therefrom, 
after which the shaft member 20 is moved upwardly. This release 
of the head 14 of the bolt 13 from the magnet 53 helps the socket 
portion 21 move away from the head 14 of the bolt 13 as soon as 
the shaft member 20 is moved upwardly, 
i It thus becomes possible to move the socket portion 21 away 

from the bolt 13 by rotating the bolt 13 counterclockwise through 
only few degrees. 

in other words, the socket portion 21 is raised while the 
hexagon head bolt 13 having undergone the temporary tightening 
0 operation has the lower end 13a left inserted into the 
screw- threaded aperture 12. 

Therefore, the bolt 13 having undergone the temporary 
tightening operation remains screwed into the aperture 12 of the 
crankcase 11 by the distance of the one to triple pitches. 
>5 From the foregoing, the movement of the automatic robot arm 

16 makes it possible to perform the temporary tightening operation 
on the hexagon head bolt 13. Namely, the temporary tightening 
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operation can be carried out mechanically without requiring an 
operator's manual labor. 

Further, the temporary tightening operation can be automated 
without relying on human operator' s manual labor . Such automatic 
5 temporary tightening operation can be performed steadily and 
efficiently for a long time. 

Further, the automatic robot arm 16 may be programmed for 
moving by an amount controlled taking account of an extent to which 
the bolt 13 is tightened into the aperture 12 . The thus programmed 
10 arm 16 can provide its improved performance. 

As shown in Fig. 11, the automatic robot arm 16 is lifted 
up to raise the apparatus to a predetermined level. Thereafter, 
the cylinder unit 70 is operated to advance the rod 71, as shown 
by an arrow <D. The advance of the rod 71 lowers the yoke 74 to 
15 thereby allow the second compression spring 58 to force the ring 
58 downwardly. 

The downward movement of the ring 58 causes the rod 50 to 
be lowered along with the magnet 53. This enables the magnet 53 
to reaches the attracting position PI. 
20 The robot arm 16 is operated to move the apparatus 10 

horizontally, as shown by an arrow ®, thereby positioning the 
socket portion 21 into place above another hexagon head bolt 13 
on the bolt-supplying section 15. 

The apparatus 10 is then lowered, as shown by an arrow <S>, 
25 to receive a head 14 of the bolt 13 within the socket portion 21. 

Thereafter, the apparatus 10 repeatedly performs the series 
of operations as described with reference to Fig. 7A to Fig. 10 
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until the hexagon head bolts 13, by undergoing the temporary 
tightening operations, are screwed into all the screw-threaded 
apertures 12 of the crankcase 11. 

The screw-threaded apertures 12 have their dimensions 
5 including tolerances. In some case, the hexagon head bolt 13 
received within the socket portion 21 can be less precisely 
positioned in the screw-threaded aperture 12, as will be discussed 
hereinafter with reference to Fig. 12* through Fig. 14. 

As shown in Fig. 12A, when the automatic robot arm 16 stops 
,0 in the temporary tightening position, a central axis 83 of the 
rotational shaft 19 is slightly displaced out of vertical alignment 
with a central axis 84 of the aperture 12. Such a displacement 
of the axis 83 from the axis 84 results from the dimensional tolerance 

of the aperture 12. 
„ in this state, the apparatus 10 is lowered to thereby insert 

the lower end 13a of the bolt 13 into the mounting aperture 81 
of the oil pan 80 . The mounting aperture 81 is larger in diameter 
than the screw-threaded aperture 12, and hence the lower end 13a 
can be inserted through the aperture 81 even if the lower end 13a 
20 is slightly displaced out of vertical alignment with the aperture 
12, as shown in Fig. 12A. 

The shaft member 20 is held in a pivoted position where the 
hexagonheadbolt 13maintains its central axis 85 inclined relative 
to the axis 83 of the rotational shaft 19 and the axis 84 of the 

25 aperture 12. 

As shown in Fig. 12B, the lower end 13a of the bolt 13 is 
positioned within the aperture 81 and displaced out of vertical 
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alignment with the aperture 12. The pivoted shaft member 20 is 
further pivoted on the center 40 to allow the distal end 13a of 
the bolt 13 received within the socket portion 21 to shift towards 
the center of the aperture 12 until the center of the lower end 
13a coincides with the center of the aperture 12. 

As shown in Fig. 13A, with the center of the distal end 13a 
positioned centrally of the screw-threaded aperture 12, the shaft 
me mber 20 is rotated clockwise to thereby rotate the hexagon head 
bolt 13 clockwise, as shown by an arrow, whereby the distal end 
13a is screwed into the aperture 12 by the distance of the one 
to three times the pitch. 

Reference is made to Fig. 13B. The bolt 13 is shown having 
undergone the temporary tightening operation, where the distal 
end 13a is screwed into the aperture 12 by the distance of the 
„ one to triple pitches. The central axis 84 of the screw-threaded 
aperture 12 is vertically aligned or coincided with the central 
axis 85 of the bolt 13 . The inner periphery 23 of the socket portion 
21 and the head 14 of the bolt 13 have a clearance C (shown in 
Fig. 13A) provided therebetween. Provision of such a clearance 
20 c allows the shaft member 20 to remain inclined relative to the 
bolt 13. 

AsshowninFig. 14, after the temporary tightening operation 
is performed on the hexagon head bolt 13, the cylinder unit 70 
is manipulated to raise the magnet 53 to the releasing position 
25 P2, leaving the central axis 85 of the holt 13 coincided with the 
central axis 84 of the aperture 12. 

The automatic robot arm 16 is then raised tomove the apparatus 
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lOupwardly. Meanwhile, the bolt 13 having undergone the temporary 
tightening operation has its distal end left screwed into the 
aperture 12 by the one to three times the pitch. 

As can be seen from the foregoing description, the shaft 
5 member 20 is pivotable on the center 40. The inner periphery 23 
of the socket portion 21 and the head 14 of the bolt 13 have the 
clearance C provided therebetween. 

The pivotal movement of the shaft member 20 allows the central 
axis 86 of the shaft member 20 to be inclined relative to the central 
10 axis 83 of the rotational shaft 19. The provision of the clearance 
allows the socket portion 21 to receive therein the head 14 of 
the bolt 13 having undergone the temporary tightening operation. 

Even if the automatic robot arm 16 stops in the temporary 
tightening position with the central axis 83 of the rotational 
15 shaft 19 slightly displaced out of coincidence with the central 
axis 84 of the aperture 12, as shown in Fig. 12A, the temporary 
tightening operation can be successfully performed on the bolt 
13 as described with reference to Fig. 13A, Fig. 13B and Fig. 14. 
Thus, when the shaft member 20 is rotated, the hexagon head 
20 bolt 13 having its head 14 received within the socket portion 21 
can be smoothly brought into threaded engagement with the 
screw-threaded aperture 12 of the crankcase 11. 

Fig. 15 illustrates an apparatus 100 for tightening a 
threaded member according to a second embodiment of the present 
25 invention. In the illustrated embodiment, the threaded member 
is the hexagon head bolt 13 as described in the first embodiment 
of the present invention. 



PCT/JP2003/0 13472 

WO 2004/037480 



-25- 



The apparatus 100 includes the automatic robot arm 16 and 
. screwing mechanism 102 provided to a lower end 16a of the arm 
1S through a support part 101 . The apparatus 100 further includes 
a Uf t cylinder 103 mounted to the support part 101 for operate 
; the screwing mechanism 102. The mechanism 102 includes a 
national shaft (a rotational part, 104 having a shaft member 
10 6 axially movably connected thereto via a slide part 105. The 
apparatus 100 includes a first compression spring 10, urging the 
sh aft member 106 in a direction away from the rotational shaft 
L0 10 4 . The shaft member 106 has the socket portion 21 provided at 
alo „erendl06athereof. The socketportion21 is sizedor designed 
to receive the head 14 of the bolt 13, as previously described. 
The shaft member 106 is rotatable to rotate the bolt 13 having 
its head 14 received within the socket portion 21. The apparatus 
16 100 further includes the retention means 22 for retaining the head 
14 received within the socket portion 21 or retaining the head 
H released from the socket portion 21 . As will be explained later 
in detail, the cylinder 103 acts as an axially moving means for 
mo vingaxiallytorotatetherotationalshaftl04. . The compression 



106. 



The support part 101 includes anL-shapedbracket lllmounted 
to the lower end 16a of the automatic robot arm 16. The bracket 
U1 includes a vertical portion 112, andupper and lower supporting 
portions 113, 114 attached via bolts 115 to the vertical portion 
112. 

^ • ™ m9 is provided to these supporting 
The screwing mechanism 102 is provide 
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portions 113, 114. 

The screwing mechanism 102 includes the rotational shaft 
104 having its upper end 117 rotatably mounted within the upper 
supporting portion 113 by means of an upper bearing 121. The 
5 rotational shaft 104 has its lower end 118 rotatably mounted within 
the lower supporting portion 114 by means of a lower bearing 122. 
The rotational shaft 104 has a helical recess 123 formed thereon. 
The screwing mechanism 102 includes a threaded engagement member 
125 vertically movably fitted round the recess 123 with balls 124 
10 disposed along the recess 123. 

The threaded engagement member 125 is movable downwardly 
along the axis or length of the rotational shaft 104 to rotate 
the rotational shaft 104 clockwise. Likewise, the threaded 
engagement member 125 is movable upwardly along the axis or length 
15 of the rotational shaft 104 to rotate the rotational shaft 104 
counterclockwise . 

The bearings 121, 122 are oilless ones but other types of 
bearings may be used which serve the same functions as bearings 
121, 122. 

20 The threaded engagement member 125 has a connection member 

128 and a spacer 129 fitted round an outer periphery thereof. The 
outer periphery of the member 125 includes a lower screw- threaded 
portion 125a having a nut 130 tightened thereonto . The threaded 
engagement member 125 has a flange 125b formed at an upper portion 

25 thereof . The flange 125b and the spacer 129 holds the connection 
member 128 therebetween to attach the connection member 128 to 
the threaded engagement member 125. 
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The cylinder 103 is mounted on the upper supporting portion 
113 . The cylinder 103 has a piston rod 131 attached to the 
connection member 128. 

The piston rod 131 can be advanced to cause the connection 
, member 128 to lower the threaded engagement member 125. This 
enables the rotational shaft 104 to rotate clockwise. The piston 
rod 131 can be retracted to cause the connection member 128 to 
raise the threaded engagement member 125. This enables the 
rotational shaft 104 to rotate counterclockwise. 

The lower end 118 of the rotational shaft 104 protrudes 
downwardly from the lower supporting portion 114 . The lower end 
118 has a shaft portion 132 coaxially fixed thereto. The shaft 
portion 132 is hexagon in cross-section. The shaft portion 132 
of hexagonal cross-section is mounted to an upper cylinder member 
„ 135 with upper and lower O rings 133, 133 interposed therebetween. 

The O rings 133, 133 can be compressed to allow the slrde 
part 105 to pivot on a center 150 of the shaft portion 132. 

The upper cylinder member 135 has a flange 136 fixed to a 
flange 138 of a lower cylinder me^er 137 through hexagon head 
20 bolts 139. The flanges 136, 138 are in coaxial relation to each 
other The slide part 105 has a slider 140 telescoped or inserted 
into the lower cylinder member 137 from below. The slider 140 
has its upper end 140a connected to a lower end 137a of the lower 
cylinder member 137 through a mounting bolt 141. 
26 ' The slider 140 has vertically elongated apertures 142, 142 
formed to extend laterally therethrough. The apertures 142. 142 
are defined between upper and lower ends 140a, 140b of the slider 
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140. The mounting bolt 141 is laterally inserted through the 
apertures 142, 142. The apertures 142, 142 vertically extend a 
distance LI. 

The mounting bolt 141 is mounted to the lower cylinder member 
5 137 in such a manner as to allow the slider 140 to move vertically 
by the distance LI. 

The distance Ll is set to be slightly larger than a length 

L2 of the bolt 13. 

The slider 140 has a lower flange 143 fitted around the lower 
10 end 140b. The lower flange 143 has a snap ring 144 abutted on 
a lower end thereof. The snap ring 144 prevents the flange 143 
from shifting downwardly. 

The snap ring 144 is locked in place in a groove formed on 
an outer peripheral surface of the lower end 140b. 
15 The lower flange 143 and the flange 138 of the lower cylinder 

member 137 have the first compression spring 107 disposed 
therebetween. The spring 107 produces and transmits a force to 
the slider 140 through the lower flange 143 and the snap ring 144 
to thereby depress the slider 140. 
20 Because the slider 140 is pushed downwardly by the first 

compression spring 107, the upper end 140a of the slider 140 abuts 
against the mounting bolt 141. In this state, the slider 140 
remains urged in such a manner as to project downwardly from the 
lower cylinder member 137 by a maximum distance. 
2 5 The shaft member 106 is secured via a fixing ring 146 to 

the lower end 140b of the slider 140 in coaxial relation thereto. 
The shaf tmember 106 corresponds to the shaf tmember 20 as previously 
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described in the first embodiment. The fixing ring 146 and the 
rln g 58 have a second compression spring 149 disposed therebetween. 
The ring 58 is pushed downwardly by the spring 149 to bring the 
pin 55 into abutment on the lower ends 56a, 56a (shown in Fig. 

This enables the magnet 53 to be held in the attracting 
position PI where the head 14 of the bolt 13 is magnetically held 

to the magnet 53. 

The cylinder unit 70 of the retention means 22 is operable 
10 to retract the rod ,1 whereby the yoke 74 is raised to cause the 
claws 75, 75 to move the ring 58 upwardly against a force produced 
by the second compression spring 149. Upon the upward movement 
of the ring 58, the pin 55 is raised along the apertures 56, 56. 
The upward movement of the pin 55 causes the rod 50 to be 
„ raised together with the magnet 53 . Consequently, the magnet 53 
reaches the releasing position P2. 

The shaft member 106 is mounted to the lower end 140b of 
the slider 140. Compression of the upper and lower O rings 133, 

20 to the shaft portion 132. At this time, the shaft member 106 is 
pivoted in uriison with the slider 140. 

Referring to Fig . 16, the upper cylinder member 135 includes 
a cylinder body 147 . The cylinder body 147 has its inner periphery 
!«. of hexagonal cross-section. The shaft portion 132 is fitted 
26 within the cylinder body 147 with the upper and lower O rings 133, 
133 (the lower one of which is shown in Fig. 15, interposed 
therebetween. Thus, the slide part 105 is mounted to the shaft 
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portion 132 through the O rings 133, 133, the upper cylinder Member 
135, the lower cylinder member 137 and the mounting bolt 141. 

When the shaft portion 132 is rotated either clockwise or 
counterclockwise, as shown by an arrow, the 0 rings 133, 133 
5 transmits the rotation of the shaft portion 132 to the cylinder 
body 147 . Therefore, the slide part 105 is rotated in unison wrth 
the shaft portion 132. 

in the second embodiment, the inner periphery 147a is formed 
to provide the hexagonal cross-section, but may be of circular, 
M octagonal or other polygonal cross-section to serve the same 
function as discussed above. 

Referring to Fig. 17, the lower cylinder member 137 includes 
a cylinder body 148 . The cylinder body 148 has its inner periphery 
148a formed to provide a hexagonal cross-section. 
« The slider 140 is a pipe of hexagonal cross-section and is 

telescoped or inserted into the cylinder body 148. 

The cylinder body 148 has mounting apertures 148b, 148b 
formed to laterally extend therethrough. The slider 140 has 
hunting apertures 140d, 140d formed to laterally extend 
20 therethrough. The mounting bolt 141 is inserted through the 
apertures 148b, 148b, 140d, 140d. 

The mounting bolt 141 has a nut 152 tightened thereonto to 
mount the slider 140 to the cylinder body 148. 

Providing the inner periphery 148a and the slider 140 with 
the hexagonal configuration enables transmission of clockwise or 
counterclockwise rotation of the lower cylinder member 137 to the 
slider 140. Thus, the lower cylinder member 137 can be rotated 



25 
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clockwise or counterclockwise in unison with the slider 140, as 
shown by an arrow. 

In the second embodiment of the present invention, the slider 
140 is a hollow pipe of hexagonal cross-section but may be of 
rectangular or other polygonal cross-section, or be in the form 
of a solid hexagonal prism. 

Now, discussion will be made with reference to Fig. 18 and 
Fig. 19 as to how the apparatus 100 performs the temporary tightening 

operation on the bolt 13. 

Reference is firstmade to Fig. 18. As discussed in relation 
to Fig. 6, the crankcase 11 is tuned upside down and then is placed 
onto the rollers 79 . The oil pan 80 is placed on the bottom surface 
lla of the crankcase 11 . The crankcase 11 and the oil pan 80 rollers 
79 are carried into position below the apparatus 100. 

Meantime, the head 14 of the hexagon head bolt 13 disposed 
in the bolt-supplying section 15 is received within the socket 
portion 21 and then is magnetically held to the magnet 53. 

With the head 14 magnetically held to the magnet 53, the 
automatic robot arm 16 is moved to insert the lower end 13a of 
the bolt 13 though the mounting aperture 81 into the screw-threaded 
aperture 12. The lower end 13a is thus set in position in the 
screw-threaded aperture 12 inpreparation for temporary tightening 
operation. 

The head 14 of the bolt 13 is in a position P3 while the 
> lower supporting portion 114 is in a set position P5. 

Next, the automatic robot arm 16 is operated to move the 
apparatus 100 downwardly, as shown by an arrow A. During the 
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downward movement of the apparatus 100, the lower end 13a of the 
bolt 13 remains set in the aperture 12 without moving downwardly. 
Therefore, the bolt 13 is maintained in a stationary position 
without moving downwardly. 
5 The downward movement of the apparatus 100 compresses the 

first compression spring 107. The compression of the spring 107 
allows the mounting bolt 141 to move down by a distance L4 along 
the apertures 142, 142. During the downward movement of the 
mounting bolt 141, the lower cylinder member 137 is downwardly 
10 slid relative to the slider 140. The lower supporting portion 
114 is thus lowered to a position P6 so that thebolt 13 is subjected 
to the temporary tightening operation. 

The cylinder 103 is operated to advance the piston rod 131. 
This causes the connection member 128 to lower the threaded 
15 engagement member 125, as shown by an arrow B. The rotational 
shaft 104 is therefore rotated clockwise as shown by an arrow C. 

The clockwise rotation of the rotational shaft 104 is 
transmitted via the slide part 105 to the shaft member 106. Upon 
the clockwise rotation of the shaft member 106, the hexagon head 
20 bolt 13 is rotated clockwise together with the socket portion 21 
provided to the lower or distal end of the shaft member 106. 

During the rotation of the bolt 13, the first compression 
spring 107 forces the lower flange 143 to push the shaft member 
106 downwardly. The force with which the shaf tmember 106 ispushed 
25 downwardly is applied through the socket portion 21 to the hexagon 
head bolt 13. undergoing such a downwardly pushing force, the 
bolt 13 is lowered as shown by an arrow D. 



PCT/JP2003/013472 

WO 2004/037480 

-33- 

As shown in Fig. 19, while rotating clockwise, the head 14 
of the hexagon head bolt 13 is lowered from the position P3 to 
a position P4 . This enables the lower end 13a of the bolt 13 to 
be screwed into the threaded aperture 12 by the distance of not 
more than three times the pitch so as to complete the temporary 
tightening operation. 

The retention means 22 is then operated to raise the magnet 
53 in the manner as stated in the first embodiment. As a result, 
the head 14 of the bolt 13 is released from the magnet 53. 

Leaving the head 14 of the bolt 13 released from the magnet 
53, the automatic robot arm 16 is operated to raise the apparatus 
100, as shown by an arrow E. 

The lower supporting portion 114 is thus moved up from the 
position P6 to the set position P5. During the upward movement 
} of the lower supporting portion 114, the mounting bolt 141 is raised 
a distance L4 along the vertically elongated apertures 142, 142. 
During the upward movement of the mounting bolt 141, the lower 
cylinder member 137 is upwardly slid relative to the slider 140. 
The shaft member 106 is maintained in a stationary position. 
0 By moving up the distance L4, the mounting bolt 141 comes 

into abutment on lower surfaces 142a, 142a of the upper end 140a 
of the slider 140. 

With the mounting bolt 141 thus abutted on the lower surfaces 
142a, 142a, the automatic robot arm 16 continues to be operated 
15 to further raise the apparatus 100 as shown by an arrow E. 

This force with which the arm 16 of the apparatus 100 is 
moved further upwardly is transmitted via the mounting bolt 141 
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to the shaft member 106. The shaft member 106 is thus raised to 
move the socket portion 21 away from the head 14 of the hexagon 
head bolt 13. 

The series of operations as described in relation to Fig. , 
18 and Fig . 19 is repeatedly carried out until all the screw- threaded 
apertures 12 of the crankcase have the bolts 13 subjected to the 
temporary tightening operations, as described in the first 
embodiment . 

As can be seen from the foregoing, the temporary tightening 
operation can be automatically performed on the bolt 13 . Namely, 
an operator need not manual ly screw the bolt into the screw- threaded 
aperture 12. 

The temporary tightening operation on the bolt 13 can be 
automated without requiring the operator's manual labor. This 
means that the temporary tightening operation can be steadily 
carried out for a long time with increased efficiency. 

in the second embodiment, the lift cylinder 103 is operated 
to move the threaded engagement member 125 up and down along an 
axial direction of the rotational shaft 104. This movement of 
the member 125 rotates the rotational shaft 104 clockwise or 
counterclockwise . 

Therefore, the hexagon head bolt 13 can be rotated in such 
a direction as to tighten or loosen. This arrangement is 
advantageous in that the bolt 13 is not seized up within the threaded 
i aperture 12 or is smoothly loosened out of the aperture 12 when 
rotated counterclockwise. 

The screw-threaded apertures 12 have their dimensions 
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including tolerances. In some case, the hexagon head bolt 13 
received within the socket portion 21 can be less precisely 
positioned in the screw-threaded aperture 12, as will be discussed 
hereinafter with reference to Fig. 20. 
, As shown in Fig. 20, due to such dimensional tolerances, 

the shaft member 106 has its central axis 155 slightly inclined 
relative to the central axis 64 of the aperture 12whenthe automatic 
robot arm 16 is operated to place the lower supporting portion 
114 of the apparatus 100 in the set position P5. 
0 With the central axis 155 of the shaft member 106 slightly 

inclined relative to the central axis 84 of the screw-threaded 
aperture 12, the bolt is subjected to the temporary tightening 
operation, in other words, the lower end 13a of the bolt 13 is 
screwed into the aperture 12 by the distance of one to triple pitches 
« to bring the central axis of the bolt 13 into coincidence with 
the central axis 84 of the aperture 12. 

Since the clearance C is providedbetween the inner periphery 
23 of the socket portion 21 and the head 14 of the hexagon head 
bolt 13, as shown in Fig. 13A, the shaft member 106 can be held 
20 in the inclined position. 

compressing the upper and lower O rings 133, 133 (see Fig. 
15, causes the shaft member 106 to pivot together with the slider 
140 relative to the rotational shaft 104. 

This pivotal movement of the shaft member 106 guides the 
2B lower end 13a of the bolt 13 into position in the screw-threaded 
aperture 12 . The bolt 13 is then subjected to temporary tightening 
operation. Thus, the temporary tightening operation can be 
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reliably performed on the bolt 13 even If the lower end 13a of 
the bolt 13 is positioned out of vertical alignment with the aperture 
12. 

Because the slide part 105 is pivotably connected to the 
5 rotational shaft 104, the slide part 105 can be pivoted in unison 
with the shaft member 1 0 6 on the center 1 50 relative to the rotational 
shaft 104. The lower end 13 of the bolt 13 received within the 
socket portion 21 is free to move horizontally upon such pivotal 
movement of the shaft member 106. 
10 Even if the lower end 13a of the bolt is displaced out of 

vertical alignment with the aperture 12 of the crankcase 11, the 
lower end 13a can be moved into position in the aperture 12 for 
subseguent temporary tightening operation. 

As discussed above, there is provided the clearance C (shown 
15 in Fig . 13A) between the inner periphery 23 of the socket portion 
21 and the head 14 of the bolt 13. 

The shaft member 106 has its central axis 155 inclined 
relative to a central axis 156 of the rotational shaft 104 while 
the head 14 of the hexagon head bolt 13 undergone the temporary 
20 tightening operation is received within the socket portion 21. 

Even if the central axis 155of the shaft member 106 is slightly 
inclined relative to the central axis 84 of the aperture 12 with 
the automatic robot arm 16 held in place for temporary tightening 
operation, the bolt 13 can reliably undergo the temporary 
25 tightening operation. 

The thus above-mentioned apparatus 100 can be used to perform 
not only the temporary tightening operation but the final 
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tightening operation on the bolt 13. 

Discussion will be made with respect to Fig. 15, Fig. 21 
and Fig. 22 as to the apparatus 100 is operated to carry out the 
final tightening operation on the hexagon head bolt 13. 

ReferringbacktoFig. 15, each vertically elongated aperture 
142 of the slider 140 has its length LI set to be slightly larger 
than the length L2 of the bolt 13 . The threaded engagement member 
125 is downwardly moved a distance L3 necessary to perform the 
final tightening operation on the bolt 13. 

As shown in Fig. 21, the head 14 of the bolt 13 is received 
within the socket portion 21 and magnetically held to the magnet 
53. 

With the head 14 thus received within the socket portion 
21 and held to the magnet 53, the automatic robot arm 16 is operated 
to move the apparatus 100, such that the lower end 13a of the bolt 
13 is inserted through the mounting aperture 81 of the oil pan 
80 into the aperture the screw- threaded aperture 12 . Consequently, 
the lower end 13a of the bolt 13 is set in place in the aperture 
12. 

At this time, the head 14 of the bolt 13 is in the position 
P3 while the L-shaped bracket 111 is in the position P5. 

The automatic robot arm 16 is operated to lower the apparatus 
100 as shown by an arrow F. During the downward movement of the 
apparatus 100, the bolt 13 remains set in place in the aperture 
> 12 without moving down. 

The first compression spring 107 is compressed to allow the 
mounting bolt 141 to be moved a distance L5 along the apertures 
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142, 142. The lower supporting portion 114 is thus moved down 
from the set position P5 to a position P7 in preparation for final 
tightening operation. 

The piston rod 131 of the cylinder 103 is advanced to cause 
the connection member 128 to lower the threaded engagement member 
125, as shown by an arrow G, to rotate the rotational shaft 104 
clockwise as shown by an arrow H. 

The clockwise rotation of the rotational shaft 104 is 
transmitted via the slide part 105 to the shaft member 106. Thus, 
the shaft member 106 is rotated in unison with the socket portion 
106 clockwise in the direction of arrow H. 

During the clockwise rotation of the shaft member 106, the 
first compression spring 107 applies a downward force to the shaft 
member 106 via the lower flange 143. The shaft member 106 is thus 
pushed downwardly. Such a downward pushing force is applied to 
the socket portion 21 and the hexagon head bolt 13, too . The bolt 
13 is therefore lowered as shown by an arrow I. 

Referring to Fig. 22A, the bolt 13 is rotated clockwise to 
thereby screw the distal end 13a into the screw-threaded aperture 
) 12 until the head 14 of the bolt 13 is moved downwardly from the 
position P3 to a position P8 . With the head 14 in the position 
P8, the bolt 13 is tightened within the aperture 12 throughout 
the length thereof. Namely, performing the final tightening 
operation on the bolt 13 is terminated. 
;5 After the bolt 13 undergoes the final tightening operation, 

the retention means 22 is operated to raise the magnet 53 in the 
manner as described in the first embodiment . The automatic robot 
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arm 16 is then operated to raise the apparatus 100, as shown by 
an arrow J. This causes the lower supporting portion 114 to move 
up from the position P7 to the set position P5. 

Until the lower supporting portion 114 reaches the set 
5 position P5, the shaft member 106 remains unmoved. Meanwhile, 
the mounting bolt 141 is raised the distance L5 along the apertures 
142, 142. 

By rising the distance L5, the mounting bolt 141 abuts on 
the lower surfaces 142a, 142a of the upper end 140a. The automatic 
10 robot arm 16 keeps operating to further move the apparatus 100 
upwardly, as shown by an arrow J. 

As shown in Fig. 22B, the force the robot arm 16 produces 
to raise the apparatus 100 is transmitted via the mounting bolt 
141 to the shaft member 106. The shaft member 106 is thus raised, 
15 whereby the socket portion 21 is moved up away from the head 14 
of the bolt 13 with the magnet 53 in the aforementioned releasing 
position P2. 

The apparatus 100 repeats the series of operations as 
described with respect to Fig. 21, Fig. 22A and Fig. 22B until 
20 the all the screw-threaded apertures 12 of the crankcase 11 have 
the bolts 13 subjected to the final tightening operation. 

It is to be noted that the apparatus 100 performs the final 
tightening operation on the bolt 13 in the manner as stated with 
reference to Fig. 21, Fig. 22A and Fig. 22B even if the central 
25 axis 155 of the shaft member 106 is inclined relative to the central 
axis 84 of the aperture 12 as shown in Fig. 20. 

The apparatus 100 arranged to perform the final tightening 
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operation as well as the temporary tightening operation can be 
used in wide variety of cases. 

The socket portion 21 may have its inner periphery 23 of 
dodecagon, for example. 
5 The socket portion 21 may be configured to receive any bolt 

other than the hexagon head bolt 13. 

in the apparatus 100, in place of the cylinder unit 70, there 
may be employed a ball screw designed to serve the same function 
as the cylinder unit 70. 
10 The cylinder unit 70 has been described which includes the 

rod 71 protruding from the opposite ends thereof, however, it may 
have the rod 71 protruding only from the one end thereof. 

In the illustrated embodiments, the bolt 13, by undergoing 
the temporary tightening operation/has its distal end 13a screwed 
15 into the aperture 12 of the crankcase 11, as discussed above. It 
will be appreciated that the temporary tightening operation may 
be carried out on the bolt 13 to screw its distal end into aperture 
of any workpiece other than the crankcase 11. 

In the illustrated embodiments, when the bolt is subjected 
20 to the temporary tightening operation, the distal end of the bolt 
is screwed into the aperture 12 of the crankcase 11 by the distance 
of the one to triple pitches . It will be understood that the distal 
end of the bolt is screwed into the aperture of the crankcase 11 
by a distance of more than three times the pitch. 
25 The apparatus 100 may be altered such that the cylinder 103 

is operated to raise the threaded engagement member 125, thereby 
rotating the rotational shaft 104 clockwise so as to screw the 
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bolt 13 into the aperture 12. 

The apparatuses 10, 100 may perform the temporary or final 
tightening operations not only on the hexagon head bolt 13 but 
other threaded members such as nuts. 
5 Industrial Applicability 

The above-described apparatus of the present invention is 
operable to tighten threaded members into threaded apertures of 
a crankcase of an engine. The tightening operation can thus be 
xaechanicallyperformedwithoutrequiringahumanoperator'smanual 

10 work. Such an apparatus is useful in a technique for tightening 
threaded members, particularly, for attachment of vehicular 
components . 



